The population dynamics and secondary production of the fiddler crab Uca rapax Smith, 1870 in the Itaipu Lagoon (Southeast Brazil) were studied. Samples were taken monthly over a period of 12 months, in order to test latitudinal gradient predictions about secondary production and P/B ratio. Males and females showed the same growth rates (K 5 2.083) and reached the same asymptotic size (15.57 mm). However, females showed higher total (Z ?ano 21 e a razão entre produção e biomassa (P/B) foi 15.09. A produção e razão P/B estimada no presente estudo não corrobora com as predições da literatura sobre o gradiente latitudinal.
INTRODUCTION
Ocypodidae of the genus Uca Leach, 1814 are distributed in the tropics and subtropics. They live in protected bays, coastal lagoons, estuaries, and river banks, burrowing in the sediment and feeding on deposited organic matter (Crane, 1975; Melo, 1996) . These organisms are important in coastal areas, where they modify, maintain and create habitats, altering the quality, the amount and the distribution of resources used by other intertidal organisms (Kristensen, 2008) . For this reason, fiddler crabs are acknowledged as ecosystem engineers (Jones et al., 1997) .
Temperature drives the metabolic processes of many invertebrates, including fiddler crabs, influencing growth rates (Vernberg, 1959; Mokhtari et al., 2008) and production (Tumbiolo and Downing, 1994) . According to Cusson and Bourget (2005) , secondary production and production to biomass ratio (P/B) vary both latitudinally and within taxonomic groups and feeding guilds. Higher P/B values have been observed in the Northern than in the Southern Hemisphere.
Sea temperatures vary widely along depth and latitudinal gradients, influencing the geographical distribution of organisms. The large extension of the Brazilian coast (from 4uN to 33uS) warrants the presupposition of a putative latitudinal gradient for the P/B and for somatic growth of intertidal organisms.
In spite of the important ecological role of fiddler crabs, relatively few studies have dealt with their population dynamics and/or secondary production (Colby and Fonseca, 1984; Macintosh, 1984; Koch and Wolff, 2002; Koch et al., 2005; Armendáriz and César, 2006; Mokhtari et al., 2008) . Given the ecological importance of Uca rapax Smith, 1870 in Brazilian brackish water habitats, this study aimed to 1) analyze the components of the species' population dynamics (growth and mortality rates, longevity, breeding and recruitment seasons) and secondary production in a tropical coastal lagoon in Southeast Brazil, and 2) to compare these results to available literature data in order to verify the effects of a latitudinal gradient.
MATERIALS AND METHODS

Study Area
The Itaipu Lagoon (22u559S / 43u039W) ( Fig. 1) belongs to a set of coastal lagoons on the eastern coast of the state of Rio de Janeiro, southeastern Brazil. This lagoon is connected to the Piratininga Lagoon by a 2.4 km channel, and is connected to the sea by a narrow and shallow channel. The lagoon has a surface area of 2 km 2 , mean water depth of 1.2 m, and mean tidal range of 30 cm. Salinity can reach near 30 PSU and the flushing halflife is one day, exchanging water quickly with the sea via a tidal channel (Kjerfve and Knoppers, 1999) .
Gross domestic effluent input, deforestation of marginal habitats and landfills are the main anthropogenic factors in the area. Crabs were collected in muddy-sand sediment from a small mangrove stand JOURNAL OF CRUSTACEAN BIOLOGY, 31(1): 66-74, 2011 (aproximately 300 m 2 ) of Laguncularia racemosa Gaerten located on the tide plain and subjected to semidiurnal microtide regimes.
Sampling Design and Data Analysis
Crabs were collected monthly, from July 2006 to March 2007, during low tides periods inside 0.25 m 2 quadrats randomly distributed in the area. The density was estimated counting burrow openings in 20 quadrats of 1 m 2 . Individuals were sexed in the laboratory according to the presence or absence of the major cheliped, or abdomen morphology and pleopod number. The chi-square test (x 2 ) was performed to check for significant deviations from the 1:1 sex ratio (a 5 0.05). Carapace width (CW) was measured to the nearest 0.01 mm with a digital vernier caliper and individuals were grouped in twenty 1.0 mm CW classes. Crabs of both sexes with CW smaller than the smallest ovigerous female observed were classified as juveniles (Litulo, 2005a, b; Litulo, 2006) .
The von Bertalanffy growth function (Ricker, 1975) was adjusted through the CW frequency distribution to describe the growth of crabs among sexes and cohorts: Lt~L?(1{e {(k(t{t0) ), where Lt is the length at time t, t 0 is the age at zero length, L' is the maximum size when the individual attains the maximum age estimated and K is the curving parameter of the growth function (growth rate). The parameters were calculated using Munro's plot (Munro, 1982) :
, where Li and Li + 1 are the lengths at times ti and ti + 1, respectively, and K and L' were described above.
Munro's phi prima W (Pauly and Munro, 1984) was calculated to compare the growth performance of fiddler crabs: W~ln Kz2: ln L?. Length-converted catch curves (Ricker, 1975; Sparre et al., 1989; Sparre and Venema, 1997) were used to calculate total mortality rate (Z) based on monthly CW sampling data. The annual finite mortality rate (A) was estimated through the equation among the sexes and cohorts: A~1{e z . Maximum longevity (T ( max ) ) was calculated by the 95% asymptotic size estimate (L' 95%) (Taylor, 1958) :
The initial instant in which an individual, hypothetically, has no size (t 0 ) was estimated using the following relationship (Moreau, 1987) : t 0~1 =K: lnf(L?{Lh)=L?)g, where Lh is the smallest crab sampled.
The recruitment rate was estimated based on the monthly CW frequency distribution and the estimates of L' and K. Data analysis of population dynamics was performed with the software FiSAT II (Gayanilo et al., 1994) . To estimate the duration of the breeding season, the monthly frequency of ovigerous females over the sampling period was observed (Litulo, 2004; Leme, 2006) . Secondary production was calculated for all sampling months based on the values of ash-free dry weight (AFDW). AFDW was obtained after 3 h of incineration at 450uC (DW2) of specimens previously dried at 60uC for 24 h (DW1) and after subtracting DW2 (AFDW~DW1{DW2). Secondary production was determined through the specific-mass method described by Crisp (1984) :
were P is the production over the interval Dt (in years); Wi, the mean weight of class i; fi the number of crabs inside CW class i along Dt; and Gi the rate of increase in specific weight of size class i, which can be obtained by:
Three replicate sediment samples were taken in each season (dry and wet season) in order to characterize the sediment properties of the study area. The grain size distribution and organic matter content in both wet and dry seasons were analyzed through the methods of mechanical dry sieving and decantation described by Tanner (1995) . The percentage of total organic matter was determined by loss of mass on ignition. The sediment was previously dried (50uC for 24 h) and sub samples of 2 g were incinerated (500uC at 2 h). The sub sample was weighted again (ash free) and the organic matter was estimated subtracting the initial by the final weight.
RESULTS
Population Structure
A total of 915 crabs (530 males and 385 females, 76 ovigerous), was sampled during the study period. The CW of males (10.43 6 2.64 mm) was not different from that of females (9.42 6 2.45 mm) (Student's t test 5 5.68; P , 0.05). Fig. 2 shows the relative frequency of males and females in each size class by month.
During all months, except January, May and June 2007, the sex ratio was statistically different from the expected (1:1), with males being collected in higher frequencies than females. Table 1 shows the monthly sex ratio and the frequency of males, females and juveniles during the sampling period. The population density average was 29 burrows/m 2 (6 13.4 burrows) (Fig. 3) .
Population Dynamics
Growth.-Two different cohorts were observed during the sampling period, one recruited in July 2006 (cohort 1) and the other recruited in January 2007 (cohort 2). The population grew at a rate (K) of 1.962 per year (W 5 2.53) and an asymptotic size of 13.14 mm of CW. Males and females showed the same growth increment (K 5 2.083; W 5 2.70) and asymptotic size (L' 5 15.57 mm). Growth performance and asymptotic size were greater in cohort 1 than in cohort 2. There were no differences between sexes in growth increment and asymptotic size within the two cohorts. Table 2 shows the K, L' and W values of the two cohorts for the total population and sexes.
Mortality and Iongevity.-The total mortality rate (Z) was estimated at 2.05 (r 2 5 0.98) for the total population. Females presented higher mortality (3.20, r 2 5 0.99) than males (1.89, r 2 5 0.94). The annual rate of mortality (A) of the population was 0.92 ind?year 21 (variance: 6 8.04), female annual mortality (0.96 ind?year 21 ; variance: 6 6.83) being higher than male (0.85 ind?year 21 ; variance: 6 7.34). The annual and total mortality values were higher in cohort 1 than in cohort 2 for the total population and sexes, with females showing higher annual and total mortality than males.
The longevity estimated for the population was 1.43 years. Estimated longevity for males and females was 1.35 and 1.36 years, respectively. Cohort 2 showed greater longevities than cohort 1 for the total population and sexes. Table 3 presents the values of mortality and longevity for the two cohorts. 
Grain Size and Organic Matter Content of Sediments
The mean grain size, sorting coefficient, and organic matter content of the sediments varied between the dry and wet seasons (Table 4) .
DISCUSSION
Fiddler crab growth may be influenced by environmental variables related to the local productivity of the sites where they live. Among those variables, the organic matter content in the sediment is one of the most important influences on the growth of the deposit feeder U. rapax, as mentioned by Genoni (1985) and Castiglioni and Negreiros-Fransozo (2004) . In comparative studies, some authors have found different growth performances in fiddler crab populations from different mangroves (Benetti and Negreiros-Fransozo, 2004; Castiglioni and NegreirosFransozo, 2004; Colpo and Negreiros-Fransozo, 2004; Castiglioni and Negreiros-Fransozo, 2006b ). Those authors also found differences in other parameters related to growth performance, e.g., median adult size and size at onset of sexual maturity. Temperature is possibly also a factor in the regulation of fiddler crab growth, because of its direct influence on crab metabolism. Consistent with this hypothesis are the results of Vernberg (1959) , who found that a population of U. rapax inhabiting Florida's temperate zone consumes less oxygen in the colder months, when the temperatures decrease significantly. Reduced metabolism results in behavioral changes such as a decrease in foraging activities; it is also helps promote hibernation. Both behavioral changes decrease growth rate (Crane, 1975) . The strong influence of temperature on fiddler crab growth suggests a probable latitudinal pattern in population dynamics
Populations of fiddler crabs that inhabit environments with high anthropogenic interference (such as landfills, deforestation, sediments properties changes and sewage waters discharge) generally show high plasticity. Despite their resilience, however, fiddler crab populations living in altered conditions experience detectable changes in behavior, and alterations in their reproductive potential and mortality rates, particularly with respect to females , Penha-Lopes et al. 2009a . In spite of this, deposit-feeder crabs experience increased population and biomass growth in environments subjected to domestic discharge contaminants, due to an increase of benthic microalgae and bacteria in the sediment, which in turn cause an increase in the food supply (Canicci et al., 2009 ).
The skewed sex-ratio observed in almost every sampling month, with a predominance of males, is consistent with the findings of Colpo and Negreiros-Fransozo (2004) Litulo (2004; 2005a) , U. maracoani (Latreille, 1802) and U. vocator by Koch et al. (2005) , U. chlorophtalmus Milne Edwards, 1852) by Litulo (2006) , U. rapax by Castiglioni and Negreiros-Fransozo (2006a) , and U. thayeri Rathbun, 1900 by Bezerra and Matthews-Cascón (2007) . According to Werner (1972) , a deviation from the 1:1 sex ratio seems to be the rule rather than the exception in mature marine crustaceans. In the present study, we have found no evidence that the gender-bias in our sampling was due to a sex-specific distribution, or that females are more difficult to catch than males. According to Ayres-Peres and Mantelatto (2008), male-biased ratios in fiddler crabs can be explained by certain biological differences between the sexes, such as differential investment in the reproductive process and survival in recruitment. Consistent with this idea, male-biased sex ratios can be interpreted as a strategy that enables fiddler crab females to copulate with several males during the breeding season. By retaining greater amounts of sperm, females can produce new oocytes without further copulations, decreasing energy expenditure and predation risk (Leme, 2006) . A different hypothesis to explain biased sex ratios in fiddler crabs was advanced by Geisel (1972) , who pointed out that such imbalance, common in populations that live in unstable environments (such as the Itaipu Lagoon, which suffers high anthropic pressure), reflects the fact that females are less resistant to anthropic changes than males. Other features of fiddler crab population biology may also account for the male-biased sex ratio found in many studies, such as differential growth, different maximum sizes and different mortality rates (Mohktari et al., 2008) . We believe that the unequal sex ratio found in the Itaipu population is mostly due to the different mortality rates between the sexes (explained above), since growth rate and maximum sizes were found to be similar for both sexes (males and females displayed the same growth rate and asymptotic size in our data). This finding contrasts with literature data, which reports a larger asymptotic size in males than in females (Table 5) as the usual pattern in fiddler crabs. The smaller length of females is well known and has been described in brachyuran crabs, e.g., Uca leptodactyla (Rathbun, 1898) (2005), and U. annulipes and Uca inversa (Hoffman, 1874) by Litulo (2005a, b) . It illustrates the different energy investment strategies of both sexes: females invest less in body growth, using most of their energy for reproductive processes such as gonadal development (Hartnoll, 1982) . Males, on the other hand, use most of their energy for body growth and growth of the major cheliped, features that make them more attractive to females, better able to win fights against other males, and consequently more likely to mate. In contrast with the literature, however, our data has found that the growth rates of males and females are equivalent (Table 5) . The asymptotic size estimated in the present work is the smallest yet found for U. rapax (Table 5) , probably due to the low productivity of the mangrove stand where it lives. Small asymptotic size, related to low mangrove productivity, had already been observed by Castiglioni and Negreiros-Fransozo (2004) for populations of U. rapax south of the Itaipu Lagoon (Table 5 ). The growth rate (K) estimated in the present study was similar to the growth rate found by Koch et al. (2005) for U. rapax, and very different from the one estimated by Castiglioni and Negreiros-Fransozo (2004) (Table 5) .
Estimation of total (Z) and annual finite (A) mortalities in this study showed that the mortality rates for females exceeded that of males. The same was observed by Koch et al. (2005) for U. rapax in northern Brazil (Table 5) . Differences in mortality rates between sexes can be explained by differential predation pressure. Fiddler crabs are part of the diet of several species of fishes, birds, Table 5 . Production, biomass and production/biomass (P/B) ratio estimates for some fiddler crabs species and for Ucides cordatus. (Crane, 1975) . Because of the large size of one cheliped, males are more successful than females in escaping from predators, since they can shed their large claw when attacked (Koch et al., 2005) . In the Itaipu Lagoon, the possibility of predation by birds is high all year around. Table 4 gives mortality rates for some species in the genus Uca. Except for U. cumulanta (Koch et al., 2005) , mortality is higher in females than in males. In terms of maximum longevity (t (max) ), both sexes live approximately one year and four months (Tab. IV). This estimate is close to that by Koch et al. (2005) for U. rapax, and very different from that obtained by Castiglioni and Negreiros-Fransozo (2004) (more than four years) for the same species (Table 5) . The high growth, high mortality rates and low longevity found in our data suggest that the U. rapax population herein studied uses a similar strategy as the populations studied by Koch et al. (2005) . Crabs grow fast, attain maturity quickly and die young. By contrast, the U. rapax populations studied by Castiglioni and Negreiros-Fransozo (2004) grow slowly, reproduce later and live longer. The recruitment, almost continuous over the year, is probably a consequence of the continuous reproductive cycle. It also may result from the larval input from outside populations (through the incoming planktonic larvae from coastal waters). Recruitment rates were higher in the months soon after increased reproductive activity. The recruitment pattern thus seems to be a result of the increase in spawning, which occurred twice a year.
According to Cusson and Bourget (2005) , biotic and environmental variables are keys to explain production estimation and P/B, the former being more relevant than the latter. Parameters that exert influence on population density and biomass, such as food availability and quality, and others related to the population dynamics themselves (age, mortality, recruitment and reproductive events), lead to variations in production over time and among different populations. The strong influence of temperature on crab metabolism and growth, together with the variables cited above, are responsible for a latitudinal pattern in production and P/B. Cusson and Bourget (2005) , reviewing marine benthic invertebrate production, observed higher P/B in the Northern Hemisphere than in the Southern. Higher P/B was observed in mid-latitude zones, while lower P/B was observed in high (80 to 60uS) and low (40uS to 20uN) latitude zones. However, this pattern could vary according to environmental variables and life history, sometimes being species-specific. The same authors observed that in arthropods, P/B in sandy substrata were higher for predators than for other feeding guilds. A low arthropod P/B in muddy substratum was observed for deposit feeders. Table 6 shows values for production, biomass and P/B of fiddler crabs from different latitudes. Except for Uca uruguayesis Nobili, 1901 from Samborombóm Bay, Argentina (Armendáriz and César, 2006 ) the P/B are higher in the Southern Hemisphere. These results contrast with the predictions of Cusson and Bourget (2005) .
Differences in population life histories and environmental conditions (mainly food supply and temperature) make it difficult to establish production estimate patterns for crabs. The interplay between species biology and the environment determines differing population traits that account for a portion of the intraspecific variation that is independent from latitude. According to Armendáriz and César (2006) and César and Armendáriz (2007) , the individuals that reach reproductive size are those that gave the greater contribution to production. Age structure of a population is therefore relevant to production. Populations with slow growth, high longevity, great biomass and density, and composed mainly by adults, tend to show high values of production and low P/B. In the present case, U. rapax showed fast growth, low longevity and low biomass, but high values of production, probably related to high density. The reduced biomass in this population, which contributes to a relatively high P/B, can be explained by the low food supply, which leads to small body mass. One indication of a food supply shortage is the low organic matter content in the sediment of the Itaipu Lagoon when compared with other subtropical sites. This hypothesis is supported by Genoni (1985) , who studied food supply influence over fiddler crab populations. The author artificially added Spartina to the sediment and concluded that density, recruitment and biomass (parameters related to secondary production and to production to biomass ratio) are limited by the amount of available food. 
